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"A method for forming a DMOS device and a DMOS device" 
Field of the Invention 

The present invention relates to a method for forming a DMOS device, and in 
5 particular, to a method for forming a body region in a drain region of the DMOS 
device appropriately aligned in the DMOS device. The invention also relates to a 
DMOS device. 

Background to the Invention 

10 Power integrated circuits in many cases require a combination of lateral DMOS 
(LDMOS) devices and CMOS devices as well as bipolar CMOS (BiCMOS) devices 
on the same chip. Indeed, there are many other types of integrated circuits where it 
is desirable to provide a combination of DMOS and CMOS and/or BiCMOS devices 
on the same chip. From here on the term "CMOS process" is intended to cover both 

15 CMOS and BiCMOS processes, However, known processes for forming DMOS 
devices are different to known processes for forming CMOS devices, and thus, in 
general, where it is desired to produce a wafer comprising chips having 
combinations of DMOS and CMOS devices, the wafer must be subjected to both 
CMOS and DMOS forming processes. This adds considerably to both the production 

20 time and cost of producing such chips with combinations of CMOS and DMOS 

devices, in the manufacture of DMOS devices, and in particular, LDMOS devices it is 
essential that a body region which is to be formed in the drain region of the LDMOS 
device should extend partly beneath the gate of the device, and furthermore, should 
be appropriately aligned with the gate of LDMOS device. 
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In a paper entitled "LDMOS Implementation by Large Tilt Implant in 0.6pm BCD5 
Process. Flash Memory Compatible" read at the International Symposium of Power 
Semiconductor Devices, May 1996 f and published with the proceedings of the 
Symposium, Contiero, et al of SGS-Thompson Microelectronics disclose a method 
for integrating a self-aligned lateral DNMOS (LDNMOS) device into a bipolar CMOS, 
DMOS process. In this process the LDNMOS device is fabricated up to and including 
the gate using a CMOS process. The P-body region is then formed beneath the gate 
by implanting an appropriate dopant into the drain region at an angle to the surface 
of the drain region using an edge of the gate to form part of the mask on the drain 
region which defines the area of the surface of the drain region through which the 
dopant is to be implanted. The dopant is directed in a direction towards the drain 
region and the edge of the gate for implanting the dopant partly under the gate. In 
other words, the dopant is implanted using a single large angle of tilt from a 
perpendicular axis extending from the general plane of a wafer on which the device 
is being formed. Subsequent to implanting the dopant is diffused into a portion of the 
drain region for forming the P-body using a suitable CMOS diffusion process. 
Contiero, et al disclose three possible tilt angles, namely, 30°, 40° and 60°, from 
which the single tilt angle may be selected. A 45° dopant implant tilt angle appears 
from the paper of Contiero, et al to be the optimum. _ 

While in the method of Contiero, et al the P-body extends beneath the gate, and is 
appropriately aligned therewith, the LDNMOS of Contiero, et al suffers from a 
number of disadvantages. In particular, it is difficult using the method of Contiero, et 
al to determine the breakdown voltage from source to drain in a lateral or a vertical 
direction due to punchthrough independently of the drain/source threshold voltage in 
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the LDMOS for a particular well doping concentration, and vice versa. In order to 
achieve a desirably low drain/source threshold voltage the dose and energy level of 
the dopant required are such as to result in a relatively low punchthrough breakdown 
voltage, while on the other hand if the dopant dosage and energy level is set to 
5 achieve a relatively high punchthrough breakdown voltage the drain/source 
threshold voltage is undesirably high. Similarly it is difficult using the method of 
Contiero, et al to determine the avalanche breakdown voltage independently of the 
drain/source threshold voltage in the LDMOS. Thus, while the method proposed by 
Contiero, et al provides for the forming of an LDNMOS device using a CMOS 
10 process, the LDNMOS device, in general, is unsuitable for most applications. 

There is therefore a need for a method for producing a DMOS device which 
overcomes these problems, and in particular, a method for forming such a DMOS 
device using a CMOS process. 
IS j 
The present invention is directed towards providing such a method and a DMOS 
device. 

Summary of the Invention 

20 According to the invention there is provided a method for forming a body region in a 
drain region of a DMOS device on a wafer after the gate has been formed with the 
body region extending partly beneath a gate of the DMOS device and appropriately 
aligned with the gate, the drain region defining a surface plane, the method 
comprising the steps of: 
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(a) implanting a suitable dopant in a portion of the drain region adjacent the gate 
for forming the body region to have a desired drain/source threshold voltage, 
and 

(b) implanting a suitable dopant in the said portion of the drain region adjacent 
5 the gate for forming the body region to have a desired breakdown voltage 

through the drain region, 
steps (a) and (b) being performed in any order, and the dopant being implanted in 
step (a) by directing the dopant at a first angle to the surface plane of the drain 
region for directing at least some of the dopant beneath the gate, the first angle to 
10 the surface plane at which the dopant is directed in step (a) being less than a second 
angle to the surface plane at which the dopant is directed in step (b). 

Preferably, the dopant is directed at the first angle towards the surface plane in step 
(a) in a general source/drain direction. Advantageously, the dopant is directed at the 
15 second angle towards the surface plane in step (b) in a general source/drain 
direction. 

In one embodiment of the invention the first angle to the surface pfane of the drain 
region at which the dopant is directed in step (a) lies in the range of 30° to 60°. 
20 Preferably, the first angle to the surface plane of the drain region at which the dopant 
is directed in step (a) lies in the range of 40° to 50°. Advantageously, the first angle 
to the surface plane of the drain region at which the dopant is directed in step (a) is 
approximately 45°. 
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In another embodiment of the invention the second angle to the surface plane of the 
drain region at which the dopant is directed in step (b) lies in the range of 70° to 90°. 
Preferably, the second angle to the surface plane of the drain region at which the 
dopant is directed in step (b) lies in the range of 78° to 88°. Advantageously, the 
5. second angle to the surface plane of the drain region at which the dopant is directed 
in step (b) is approximately 83°. 

In one embodiment of the invention the dopant is implanted in the drain region in 
each of steps (a) and (b) using an edge of the gate adjacent the source as part of a 
10 mask for defining a portion of the surface of the drain region through which the 

dopant is to be implanted. The dopant implanted in each of steps (a) and (b) may be 
the same or different, and the dopant implanted in each of steps (a) and (b) may be 
implanted at the same or different dose and/or energy levels. 

15 In one embodiment of the invention the dopant implanted in the drain region in each 
of steps (a) and (b) is diffused by a dopant diffusion process for forming the body 
region. Alternatively, the dopant implanted in the drain region in each of the steps (a) 
and (b) is diffused in the drain region before the dopant of the next of the steps (a) 
and (b) is implanted. 



20 



In one embodiment of the invention step (a) is carried out before step (b). 



25 



In another embodiment of the invention the drain region is formed by an N-well, and 
the body region is formed as a P-body, and the dopant of each of steps (a) and (b) is 
boron. 
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In a further embodiment of the invention the drain region is formed by a P-well, and 
the body region is an N-body, and the dopant of each of steps (a) and (b) is 
phosphorous. 

5 

Ideally, the dose and energy levels of the dopant implanted in each of steps (a) and 
(b) are sufficient for providing the desired drain/source threshold voltage and the 
breakdown voltage through the drain region. 

10 In one embodiment of the invention the breakdown voltage exceeds the drain/source 
threshold voltage. 

In one embodiment of the invention the method for forming the body region in the 
drain region of the DMOS device is a CMOS process, and in general, a CMOS 
15 device is formed on the wafer by the CMOS process. In another embodiment of the 
invention the method for forming the body region in the drain region of the DMOS 
device is a BiCMOS process, and in general, a BiCMOS device is formed on the 
wafer by the BiCMOS process. 

20 In one embodiment of the invention the DMOS device is an LDMOS device, and may 
be an LDPMOS and/or an LDNMOS. Additionally, the DMOS may be a vertical 
DMOS. 

Additionally, the invention provides a DMOS device comprising a drain region 
25 defining a surface plane, a gate located on the drain region, and a body region 
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formed in the drain region and extending partly beneath the gate and appropriately 
aligned therewith, the body region being formed after the gate region has been 
formed by: 

(a) implanting a suitable dopant in a portion of the drain region adjacent the gate 
5 for forming the body region to have a desired drain/source threshold voltage, 

and 

(b) implanting a suitable dopant in the said portion of the drain region adjacent 
the gate for forming the body region to have a desired breakdown voltage 
through the drain region, 

10 steps (a) and (b) being performed in any order, and the dopant being implanted in 
step (a) by directing the dopant at a first angle to the surface plane of the drain 
region for directing at least some of the dopant beneath the gate, the first angle to 
the surface plane at which the dopant is directed in step (a) being less than a second 
angle to the surface plane at which the dopant is directed in step (b). 

15 

In one embodiment of the invention the DMOS device is an LDMOS device, and may 
be an LDNMOS device or a LDPMOS device. Additionally, the DMOS may be a 
vertical DMOS. 

20 Further the invention provides an integrated circuit chip comprising a DMOS device 
according to the invention, and the integrated circuit chip may also comprise a 
CMOS device or a BiCMOS device. 



25 



■10. JAN. 2000 13=03 




NO. 139 P. 14 



Advantages of the Invention 

The advantages of the invention are many. A particularly important advantage of the 
invention is that it permits LDNMOS and LDPMOS devices to be formed using a 
conventional CMOS or BiCMOS process, and thus, LDNMOS and LDPMOS devices 

5 may be formed simultaneously with the formation of CMOS and/or BiCMOS devices. 
In particular, by adapting the CMOS process according to the invention the 
drain/source threshold voltage of the respective LDNMOS and LDPMOS devices 
can be determined independently of the pynchthrough breakdown voltage of the 
devices, and indeed, independently of the avalanche breakdown voltage. The 

10 method according to the invention may be used for forming vertical DMOS devices 
with similar advantages. Thus, the invention overcomes the problems of forming 
LDNMOS and LDPMOS devices using CMOS processes known heretofore. 

The invention will be more clearly understood from the following description of a 
15 preferred embodiment thereof which is given by way of example only with reference 
to the accompanying drawings. 

Brief Description of the Drawings 

Fig. 1 is a transverse cross-sectional elevational view of an LDNMOS and an 
20 LDPMOS according to the invention formed on a silicon substrate by a 

CMOS process using a method according to the invention, 

Fig. 2 is a transverse cross-sectional elevational view of the LDNMOS and 
the LDPMOS of Fig. 1 in the process of being formed, 

25 
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Fig. 3 is a view similar to Fig. 2 of the LDNMOS and the LDPMOS at the next 
stage of their formation after that of Fig. 2, 

Fig. 4 is a view similar to Fig. 2 of the LDNMOS and the LDPMOS at the next 
5 stage of their formation after that of Fig. 3. 

Fig. 5 is a view similar to Fig. 2 of the LDNMOS and the LDPMOS at the next 
stage of their formation after that of Fig. 4, 

10 Fig. 6 is a view similar to Fig, 2 of the LDNMOS and the LDPMOS at the next 

stage of their formation after that of Fig. 5, 

Fig. 7 is a view similar to Fig. 2 of the LDNMOS and the LDPMOS at the next 
stage of their formation after that of Fig. 6, and 

15 

Figs. 8(a) and (b) are transverse cross-sectional elevational views of a detail 
of the LDNMOS and the LDPMOS at two stages of their formation. 

Detailed Description of the Invention 

20 Referring to the drawings there is illustrated an LDNMOS indicated generally by the 
reference numeral 1 and an LDPMOS indicated generally by the reference numeral 
2 both according to the invention, and both formed on a silicon substrate, in this 
embodiment of the invention a P-substrate 3 by a CMOS process using a method 
according to the invention. An N-well 4 for the LDNMOS 1 and a P-well 5 for the 

25 LDPMOS 2 are formed in an epitaxial layer 6 using a conventional CMOS process 
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which will be well known to those skilled in the art. An oxide layer for forming a locos 
9 of each LDNMOS 1 and LDPMOS 2 is laid down over the N-well 4 and the P-well 5 
and appropriately etched to form the respective locos 9. The oxide layer which forms 
the locos 9, also forms a mask 10 for defining respective areas through which 

5 dopants are implanted in the N-wel! 4 and P-well 5 for forming a P-body region 15, 
and an N-body region 16, respectively in the respective N-well 4 and P-well 5 as will 
be described below. A gate oxide layer 12 of approximately 12nm is laid down on the 
respective N and P-wells 4 and 5, and respective gates 14 of the LDNMOS 1 and 
the LDPMOS 2 are formed over a part of the gate oxide layer 12 and over a part of 

10 the locos 9. Up to here the formation of the LDNMOS 1 and LDPMOS 2 is carried 
out using a conventional CMOS process. 

The P-body and N-body regions 15 and 16, respectively, are next formed in the N- 
well 4 and the P-well 5, respectively, beneath the gates 14 by Implanting appropriate 

15 dopants using the method according to the invention, which will now be described. 
The mask 10 forms three sides of respective areas of the gate oxide layers 12 and in 
turn the surface of the N-well 4 and the P-well 5 through which the dopants are to be 
implanted into the N-well 4 and the P-well 5 to form the P-body and the N-body 
regions 15 and 16, respectively. An edge 18 of the corresponding gate 14 forms the 

20 fourth side of each mask. The edge 1 8 is that edge of the gate 1 4 which is adjacent 
corresponding source contact regions 20 and 21 of the respective LDNMOS 1 and 
LDPMOS 2 which are subsequently formed. 

The P-body 15 is formed by implanting the dopant, namely, boron in the N-we!) 4 in 
25 two steps. In the first step the dopant is directed into the N-well 4 in the direction of 
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the arrows A, see Fig. 8(a), at a first angle a to the surface of the gate oxide layer 12 
for forming a portion 24 of the P-body 15 beneath the gate 14 and for determining 
the drain/source threshold voltage, see also Fig. 3. In the second step the dopant is 
directed at the N-well in the direction of the arrows B, see Fig. 8(b), at a second 
5 angle p for extending the P-body 1 5 downwardly at 25 for determining the 

breakdown voltage due to punchthrough through the P-body 15, see also Fig. 4. In 
3 this embodiment of the invention the first angle a is 45° and the second angle p is 

; 83°. This is achieved by selecting the tilt angle at which the dopant is directed 

3 towards the surface of the gate oxide layer 12 in the CMOS process, The tilt angle is 

fj io measured relative to an axis 26 extending perpendicularly to the general plane 

y defined by the wafer. The dopant is directed at the first angle a by setting the tilt 

3 angle of implant at a first tilt angle 0 of 45° from the perpendicular axis 26. The 

S3 

* dopant is implanted at the second angle p by setting the tilt angle of implant at a 

3 second tilt angle ct> of T from the perpendicular axis 26. The direction at which the 

15 dopant is implanted at the first and second tilt angles 9 and O is selected so that the 

dopant is directed towards the surface of the gate oxide layer 12 and towards the 

edge 18 of the gate 14 in a general source/drain direction. 

The dose level of dopant implanted at the first and second tilt angles 8 and <P may 
20 be similar or different, and the energy at which the dopant is implanted at the first 
and second tilt angles 8 and <t> may also be similar or different. The dose and energy 
at which the dopant is implanted at the first tilt angle 8 is determined by the desired 
drain/source threshold voltage of the LDNMOS 1, and the dose and energy at which 
the dopant is implanted at the second tilt angle <t> is determined by the desired 
25 breakdown voltage of the P-body 15. The selection of the appropriate dose and 
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energy levels at which the dopant is to be implanted at the first and second tilt 
angles 9 and <P will be known to those skilled in the art. 

After the dopant has been implanted to form the P-body 15 the N-body 16 is then 
5 formed in the P-well 5 of the LDPMOS 2. The N-body 16 is formed in the P-well 5 of 
the LDPMOS 2 using a similar method as is used for forming the P-body 15, with the 
exception that the dopant is phosphorous. The phosphorous dopant is initially 
implanted in the P-well 5 at the first angle a of 45° using the first tilt angle 6 of 45° for 
determining the drain/source threshold voltage of the LDPMOS 2. The phosphorous 

10 dopant is then implanted in the P-well 5 at the second angle p of 83° using the 

second tilt angle <t> of 7° for determining the breakdown voltage of the N-body 16. As 
in the case of implanting the boron dopant in the N-well 4 for forming the P-body 15, 
the dose of phosphorous dopant and the energy with which the phosphorous dopant 
is implanted at the respective first and second tilt angles 9 and O may be similar or 

15 different, and will be determined by the desired drain/source threshold voltage and 
the desired punchthrough breakdown voltage of the LDPMOS 2. 

After the boron and phosphorous dopants have been implanted in the N-well 4 and 
the P-well 5, respectively, at the first and second tilt angles 6 and <t> the dopants are 
20 simultaneously diffused using a conventional CMOS polycide anneal step. 

The N++ source contact region 20 and an N++ drain contact region 27 are next 
formed in the P-body 15 and in the N-well 4, respectively, by implanting dopants 
NIdd and NSD into the P-body 15 through the gate oxide layer 12, and directly into 
25 the N-well 4 by the CMOS process, The P++ source contact region 21 and a P++ 
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drain contact region 28 are formed in the N-body 16 and the P-wel! 5, respectively, 
by implanting dopants Pldd and PSD in the N-body 16 and the P-well 5. respectively. 
After the Nldd dopants and the Pldd dopants have been implanted the wafer is 
subjected to a CMOS thermal cycle for driving the dopants into the respective P and 
N-bodys 15 and 16 and the N and P-wells 4 and 5. The NSD and PSD implants are 
subsequently driven in by a further CMOS thermal cycle. The formation of N++ and 
P++ regions will be well known to those skilled in the art. 

Thereafter, the process for forming the LDNMOS 1 and the LDPMOS 2 continues 
using the conventional CMOS process, and the remaining process steps will thus be 
well known to those skilled in the art. 

Although described for forming LDMOS devices, the method according to the 
invention may also be used for forming vertical DMOS devices. It will of course be 
appreciated that although not described, CMOS devices may also be formed on the 
wafer either simultaneously or sequentially with the formation of the LDMOS 
devices. While the LDMOS devices have been described as being formed using a 
CMOS process, it will of course be appreciated that the LDMOS devices may be 
formed using a BiCMOS process, in which case, bipolar CMOS devices may also be 
formed simultaneously or sequentially with the DMOS devices. 



While in the embodiment of the invention described the P-body region has been 
described as being implanted before the N-body region, it will be appreciated that 
the P-body and N-body regions may be formed in any order. 



